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CHAPTER I 
INTRODUCTION 
It has been well established that bacteria are essential in the 
etiology of inflammatory periodontal diseases. (Loe et al., 1965, So-
cransky 1970, Kelstrup and Theilade 1974, Socransky 1977, Slots 1979, 
van Palenstein Helderman 1981). 
It has been shown that in the healthy gingival sulcus the predom-
inant microbial flora is composed mainly of Gram-positive microorganisms 
and a shift toward a predominantly Gram-negative microbial flora is seen 
in the most destructive forms of periodontal disease (Socransky 1977, 
Slots 1979, van Palenstein Helderman 1981). 
An important difference between Gram-negative and Gram-positive 
microorganisms is the presence of endotoxin in Gram-negative microorgan-
isms. 
The term endotoxin is used to denote the lipopolysaccharides (LPS) 
of high molecular weight which are considered to be integral structural 
units found on the outer membrane of the cell wall of Gram-negative mi-
croorganisms (Westphal 1957). 
LPS have been shown to possess several biologic properties, which 
include activation of the complement system by the classical and alter-
nate pathway (Morrison & Kline 1977, Okuda & Takazoe 1980), stimulation 
of macrophages to release collagenase (Doe & Henson 1978, Weinberg et al., 
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1978), bone resorption (Hausmann et al., 1981), cytotoxicity for fibro-
blasts (Hatfield & Baumhammers 1971, Aleo et al., 1974, 1975), B-cell 
mitogenic properties (Andersson et al., 1972, Kunori et al., 1978} and 
induction of chemotaxis of polymorphonuclear leukocytes (PMNLs) in the 
presence of serum derived from the complement system chemotactic factors 
(Snyderman 1972). 
The biologic properties mentioned above suggest an important role 
of LPS in the pathogenesis of inflammatory periodontal diseases. 
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It has been shown that LPS exhibits chemotactic mediator properties 
for PMNLs (Rizzo & Mergenhagen 1964, Jensen 1966, Snyderman 1972, Wilton 
& Almeida 1980). Conversely, physiologic sterile saline is not known to 
exhibit chemotactic properties, although tissue injury may lead to the 
release of chemoattractants for PMNLs (Cochrane et al., 1972, Ward 1974, 
Higgs & Eakins 1980). 
The purpose of the present study is to determine the least concen-
tration of E. coli 0111:84 strain endotoxin (LPSE) which is able to pro-
duce an inflammatory response when compared to a physiologic sterile 
saline solution (0.85%) as a control, by a single injection into the 
guinea pig oral mucosa in a 24 hour period of time. 
In the present study, a 0.05 ml volume of six different concentra-
tions of LPSE (50, 25, 10, 1, 0.1 and O.Olµg/ml) and a sterile saline 
control were injected into the guinea pig oral mucosa. The animals were 
sacrificed 24 hours after the injections and a histologic examination was 
done to compare the presence of the inflammatory infiltrate. 
CHAPTER II 
LITERATURE REVIEW 
A. THE ROLE OF BACTERIA IN PERIODONTAL DISEASES 
There is strong direct evidence that dentogingival bacterial plaque 
is essential in the etiology of inflammatory periodontal diseases (Ash 
et al., 1964, Loe et al., 1965, Socransky 1970, Kelstrup & Theilade 1974). 
Conversely, in the absence of the bacterial plaque, there is essentially 
no detectable pathologic change (Loe et al., 1965, Theilade et al., 1966, 
Loe and Schiott 1970, Waerhaug 1971, Loe 1971). 
Listgarten (1965) showed bacterial invasion into the gingival 
tissues in acute necrotizing ulcerative gingivitis (ANUG). Other reports 
have been shown bacterial invasion into the gingival tissues in advanced 
periodontitis (Frank 1980, Saglie et al., 1982) and juvenile periodontitis 
(Gillett & Johnson 1982). Whether bacterial penetration represents a 
feature of the advanced stages of periodontitis leading to exfoliation of 
the tooth, or occurs also in less advanced stages remains to be determined. 
The periodontal literature contains abundant research material about 
the cytotoxic and antigenic substances from bacterial plaque which diffuse 
into the gingival tissues to produce inflammatory and destructive changes 
of the periodontium (Socransky 1970, Kelstrup & Theilade 1974, Gibbons & 
van Haute 1978, Fine et al., 1978). 
It has been shown that there is a different microbial flora in 
3 
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different periodontal diseases (Listgarten 1976, Slots 1979, van Palenstein 
Helderman 1981, Socransky et al., 1982), the microbial flora is different 
supragingivally and subgingivally (Listgarten 1976, Socransky 1977), from 
person to person (Loesche & Syed 1973, Bowden et al., 1975, van Palenstein 
Helderman 1981, Socransky et al., 1982) and in the same person from site 
to site (van Houte & Green 1974, Bowden et al., 1975, Newman & Socransky 
1977, van Palenstein Helderman 1981, Socransky et al., 1982). 
Review articles by Socransky {1977), Slots (1979) and van Palenstein 
Helderman{l981) summarize the microbial flora associated with different 
periodontal diseases. 
Microbial flora associated with healthy gingival sulcus 
Listgarten {1976) in a study with the electron microscope found a 
thin microbial layer adhered to the enamel surface. The cells were pre-
dominantly coccoid in shape with a majority exhibiting cell wall features 
compatible with those of Gram-positive microorganisms. 
According to Socransky (1977), a scanty microbial flora is located 
almost entirely supragingivally on the tooth surface. Microbial cell 
accumulations are usually 1 to 20 cells in thickness and are comprised 
mainly of Gram-positive coccal forms. The microorganisms commonly en-
countered in such sites in adults include Streptococcus mitis, Strepto-
coccus sanguis, Staphylococcus epidermids, Rothia dentocariosa, Actino-
myces viscosus, Actinomyces naeslundii and occasionally species of 
Neisseria and Veillonella. 
According to Slots {1979), a scant microbial flora dominated by 
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Gram-positive microorganisms (85%), usually Streptococcus and facultative 
Actinomyces species is found in the healthy gingival sulcus. 
Microbial flora associated with gingivitis 
According to Socransky (1977), in experimental gingivitis there is 
an increase in the total mass of plaque and cell layers which often extend 
to 100 to 300 cells in thickness. There is an increase in proportions of 
members of the genus Actinomyces. This group of microorganisms tends to 
be the dominant genus associated with supragingival plaque frequently com-
prising 50% or more of the isolates. In long standing gingivitis, approx-
imately 25% of the microbial flora may be Gram-negative including species 
of Veillonella, Campylobacter and Fusobacterium. The Gram-negative cells 
appear to be located primarily on the surface of the bacterial plaque in 
subgingival sites. 
According to Slots (1979), the development of gingivitis is accom-
panied by a marked increased in the total number of Gram-negative micro-
organisms. Fusobacterium nucleatum, Bacteroides melaninogenicus ss. 
intermedius., Haemophilus species, and other Gram-negative microorganisms 
comprised about 45% of the total gingivitis isolates. Streptococcus and 
facultative and anaerobic Actinomyces species constituted the majority of 
the Gram-positive gingivitis isolates. 
Pregnancy gingivitis 
Recent studies have implicated B. melaninogenicus ss. intermedius 
due to an increase of estrogen and progesterone in the gingival fluid 
which enhance the growth of the microorganism (Kornman & Loesche 1980). 
Microbial flora associated with ANUG 
A recent study by Loesche et al., (1982), found Treponema species 
32%, B. melaninogenicus ss. intermedius 24%, Selenomonas species 6% and 
Fusobacterium species 3%. It is the first time that B. melaninogenicus 
ss. intermedius is implicated as an important pathogen of ANUG. 
Microbial flora associated with periodontitis 
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Listgarten (1975) in a study with the electro~ microscope found 
that filamentous forms were distinctly predominant. All the cell types 
encountered in gingivitis could also be observed in these specimens. 
Among the filaments, Leptotrichia buccalis could be identified because of 
the characteristic appearance of its cell wall (Listgarten & Lai 1975). 
Spirochetes and Gram-negative bacteria with multiple flagella closely re-
sembling the species Selenomonas sputigenum were also found in large 
amounts. The subgingival flora consisted of fewer cells adherent to the 
root surface with a concomitant increase in the population of Gram-nega-
tive and flagellated cells, as well as spirochetes. 
Later, Listgarten & Hellden (1978) examined with a darkfield 
microscope the distribution of bacteria in periodontitis and found sig-
nificant differences compared to the healthy sulcus. Coccoid cells were 
predominant at normal sites (74.3% vs. 22.3%), while at diseased sites, 
motile rods were more frequent (12.7% vs. 0.3%), as well as curved rods 
(l .7% vs. 0%), small spirochetes (12.6% vs. l .1%), medium-size spiro-
chetes (18.5% vs. 0.5%) and large spirochetes (6.7% vs. 0.2%). The ratio 
of motile to non-motile cells in the normal was l :49, whereas at diseased 
sites the ratio was close to 1 :1. 
According to Socransky (1977), rapidly destructive periodontitis 
revealed a predominance of Gram-negative rods. At least two patterns of 
subgingival colonization may be observed. One pattern appeared to be 
dominated by Bacteroides melaninogenicus ss. asaccharolyticus (B. gingi-
valis, for review see Coykendall et al., 1980), and spirochetes. A 
second pattern appeared to be comprised of large numbers of anaerobic 
vibrios, 11 corroding 11 Bacteroides and Eikenella corrodens. 
According to Slots (1979), Gram-negative anaerobic rods (75%), ~ 
melaninogenicus ss. asaccharolyticus (B. gingivalis) and F. nucleatum 
were the most predominant isolates in periodontitis. 
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Tanner et al., (1979) studied the microbial flora of eight young 
adult patients. Two patients presented generalized extensive bone loss, 
extensive clinical inflammation and suppuration, with a microbial flora 
being dominated by Bacteroides asaccharolyticus (B. gingivalis) and an 
organism with characteristics consistent with Actinobacillus actinomy-
cetemcomitans. The other two patients presented extensive bone loss but 
minimal clinical inflammation and the microbial flora was predominated by 
Bacteroides melaninogenicus ss. intermedius and Eikenella corrodens in one 
patient and E. corrodens and a slow growing fusiform-shaped Bacteroides 
in a second patient. A third group of four patients demonstrated moderate 
levels of clinical inflammation and evidence of continued bone loss in 
the last year. Predominant microorganisms in this group were more hetero-
geneous and included B. asaccharolyticus (B. gingivalis), Fusobacterium 
8 
nucleatum, the fusiform Bacteroides and anaerobic vibrios. Sites with 
minimal disease in the patients revealed higher proportions of Gram-posi-
tive microorganisms including Rothia dentocariosa, Actinomyces naeslundii 
and Actinomyces viscosus. Gram-negative microorganisms were predominant 
in the patients which presented bone loss. 
Syed et al., (1981) found that in untreated moderate-to-advanced 
periodontitis the microbial flora was dominated by anaerobic, Gram-nega-
tive organisms such as spirochetes, Selenomonas and Pigmented Bacteroides. 
Capnocytophaga and Fusobacterium were also present. Pigmented Bacteroides 
species were found in 84% of the sites whereas spirochetes and other 
motile microorganisms were found in 80% of the samples. 
Kornman & Holt (1981) studied three cases of severe localized perio-
dontitis in adults, in which a new Bacteroides which comprised more than 
50% of the cultivable subgingival microbial flora was found. The isolates 
were Gram-negative, obligately anaerobic short rods, which required co2 
for growth. The physiological and ultrastructural observations showed 
these isolates to be representative of a new Bacteroides species, Bacte-
roi des ca pi 11 us. 
Mashimo et al., (1981) studied the microbial flora of juvenile 
diabetes patients with localized periodontitis with severe bone loss and 
found Capnocytophaga species 25%, "anaerobic vibrios" 18.2% and Actino-
myces species 7.8%. 
According to van Palenstein Helderman (1981), Gram-negative rods 
appear to be specifically associated with periodontitis. A growing body 
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of evidence implicates especially Bacteroide5 assacharolyticus (B. gingi-
valis) as one of the responsible pathogens (for review see Slots 1982). 
Periodontitis have been shown to have periods of exacerbation show-
ing an increase of Gram-negative microorganisms and periods of remission 
showing a decrease of Gram-negative microorganisms. Disease may progress 
by multiple periods of exacerbation and remission until the supporting 
structures of the tooth are lost (Newman 1979). 
Microbial flora associated with juvenile periotontitis (periodontosis) 
The microbial flora of this periodontal disease which at one time 
was considered to be a degenerative disease was first described by Newman 
et al., (1976) and Slots (1976) who found predominantly Gram-negative 
capnophilic and anaerobic rods. One of the microorganisms most frequently 
isolated in high numbers was a Gram-negative fusiform shaped rod which 
would glide on agar surfaces. A new genus Capnocytophaga was proposed. 
According to Slots (1979), the microbial flora was predominantly Gram-
negative (65%), but was of a nature different from that of adult perio-
dontitis, being predominated by isolates of Bacteroides species and other 
microorganisms of unknown species. According to van Palenstein Helderman 
(1981), the subgingival microbial flora is different from that associated 
with adult periodontitis and the findings implicate Actinobacillus actyno-
mycetemcomitans and Capnocytophaga species as important pathogens. 
Microbial flora associated with destructive periodontal disease in 
children 
Destructive periodontal disease of children of ages 5 to 12, appear 
to be characterized by a rather heterogeneous groups of microorganisms. 
Most notable has been the frequent isolation of high numbers of Bacte-
roides oralis, Selenomonas sputigena, Clostridium species and anaerobic 
actinomycetes (Sasaki et al., 1977). 
Microbial flora associated with the periodontal abscess 
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Newman & Sims (1979) found that the healthy subgingival sites har-
bored a microbial flora which was predominantly Gram-positive (71%) and 
facultative (78.3%). In contrast the microbial flora recovered from the 
abscess sites were predominantly Gram-negative (66.2%) and anaerobic 
(65.6%). In the exudate, B. melaninogenicus subspecies, Fusobacterium 
species and ''vibrio-corrodens'' predominated. Capnocytophaga species were 
isolated in all exudate samples. In contrast to the healthy subgingival 
sites the exudate samples contained Peptococcus species and Peptostrepto-
coccus species. The microorganisms isolated from the apical sites in-
cluded Capnocytophaga, B. melaninogenicus subspecies and Fusobacterium 
species. This study demonstrated that the microorganisms which colonize 
the periodontal abscess are primarily Gram-negative anaerobic rods. 
Experimental periodontal diseases in animals 
Initial studies of the pathogenic potential of human isolates in 
gnotobiotic rat systems revealed that certain Gram-positive microorganisms 
are able to produce periodontal disease. Such microorganisms included 
Streptococcus mutans, Streptococcus salivarius, Actinom~ces naeslundii, 
Actinomyces viscosus, Bacillus and Nocardia species (Gibbons et al., 1966, 
Kelstrup & Gibbons 1970). Studies with Gram-negative isolates have been 
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shown to accelerate alveolar bone loss when implanted as monocontaminants 
in gnotobiotic rats. These included a Bacteroides strain isolated from 
juvenile periodontitis, Capnocytophaga strains isolated from juvenile 
periodontitis and periodontitis, Eikenella corrodens, Bacteroides melanin-
ogenicus ss. asaccharolyticus (B. gingivalis), Fusobacterium nucleatum and 
Selenomonas sputigena strains from periodontitis (Irving et al., 1975 
Crawford et al., 1977). The Gram-positive and Gram-negative experimental 
infection, differed on a clinical and histopathologic basis. Disease 
induced by Gram-positive microorganisms tended to exhibit root caries, 
more plaque, and less abundant osteoclastic response than disease induced 
by Gram-negative microorganisms (Irving et al., 1974, Irving et al., 1975, 
Irving et al., 1976, Garant 1976). 
All these studies have shown an increase of the Gram-negative micro-
bial flora from healthy sites to different types of gingivitis and finally 
to the most destructive forms of periodontal disease. Gibbons & van Haute 
(1978), suggested that it may be reasonable to hypothesize that, if in-
fection with Gram-negative microorganisms is superimposed on infection 
with Gram-positive microorganisms, the rate of tissue destruction would 
accelerate. The finding of higher proportions of Gram-negative anaerobic 
microorganisms in the depths of rapid periodontitis pockets substantiates 
this suggestion. These microorganisms may increase the rate of destruc-
tion because of their elaboration of endotoxin. 
It is important to point out that the cell wall of Gram-negative 
bacteria is different (contains endotoxin) from that of Gram-positive 
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bacteria, which does not contain endotoxin (Nikaido 1973, Vogel & Mergen-
hagen 1982) . 
B. THE ROLE OF ENDOTOXIN IN PERIODONTAL DISEASES 
The term endotoxin is used to denote the lipopolysaccharides (LPS) 
of high molecular weight which are considered to be integral structural 
units found on the outer membrane of the cell wall of Gram-negative bac-
teria (Westphal 1957). The term originates from the observations of early 
workers, such as Pfeiffer (1892), who noted that apart from the toxin re-
leased into the culture medium by living Gram-negative microorganisms 
(exotoxin), toxic substances were also released coincident with the bac-
teria undergoing lysis. Those who used the term 11 endotoxin 11 assumed that 
the active substance was released into the culture fluid upon autolysis 
of the cells; therefore, they tended to employ long incubation periods 
before harvest. Ecker (1917) certainly was working with endotoxin, but 
he rejected the term because he demonstrated heat-stable toxin in filtrates 
of young growing cultures where no sign of autolysis could be found. It 
has been shown that "free endotoxin 11 can be released from intact Gram-
negative microorganisms as a result of excess production of cellular mate-
rial during vigorous growth of the bacteria rather than as a result of 
cell lysis (Crutchley et al., 1967). 
Chemical composition 
LPS are heat-stable, high molecular weight, macromolecular struc-
tures which composed of three main regions: Lipid A, R-polysaccharides 
(core), and the 0-polysaccharides (Fig. 1). 
Fraction A Fraction 8 
KOO Inner 
Core 
Outer 
Core 
Core 
Polysaccharide 
( R- Polysaccharide) 
Figure 1. Diagram of lipopolysaccharide showing three main regions: 
lipid A, Core polysaccharide (R-polysaccharide) and "O" 
antigens. (0-polysaccharide). Fraction A includes the 
lipid portion of LPS and Fraction B the polysaccharide 
portion. Note key position of KOO as a link between 
lipid A and polysaccharides. KOO is attached via a 
ketoacidic linkage to glucosamine residues of lipid A. 
Repeating Units of 
11 0 11 Antigenic 
Side Chains 
(0- Polysaccharide) 
...... 
w 
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Lipid moiety: acid hydrolysis of LPS produces a phosphorus-containing 
lipid precipitate, designated as Fraction A (later called Lipid A), and a 
soluble fraction B, which contains polysaccharides. The basic structural 
component of _the lipid is a diglucosamine unit that contains fatty acids 
attached to amino and hydroxyl groups (Elin & Wolff 1976). A protein-rich 
component linked to the lipid moiety called Lipid A associated protein 
(LAP) has been described {Sultzer & Goodman 1976). The LPS molecule which 
is the outermost part of the cell wall of the Gram-negative bacteria is 
attached via the lipid moiety (Elin & Wolff 1976). 
A unique sugar with the formula 2-keto-3-deoxyoctonate (KOO), links 
Lipid A to the core region (Heath & Ghalambor 1963). 
R-polysaccharide (core): is the middle portion of the LPS molecule, 
linking the lipid moiety to the 0-polysaccharide moiety. Chemical analy-
ses of the R-core have shown five basal sugars, phosphate, and 0-phosphor-
ylethanolamine (Hellerqvist & Lindberg 1971). 
0-polysaccharide: this structure determines the a-antigenic speci-
ficity of the bacteria. Chemical analyses of the 0-polysaccharide have 
shown a regular sequence of the sugars (Hellerqvist et al., 1969). 
Extraction procedures for LPS 
Available information suggests that the LPS is bound to the cell 
wall primarily by physical forces, i.e., hydrophobic, ionic, or both 
(Wheat 1964). Several extraction procedures exist (for review see Luder-
itz et al., 1971), the most commonly used being the hot phenol-water 
procedure (Westphal & Jann 1965). LPS is usually collected from the 
acqueous phase, although the isolation of a phenol-soluble LPS has been 
reported (Knox & Parker 1973). 
Assay methods for LPS 
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There are in vivo and in vitro types of procedures for the assay of 
LPS (for review see Daly et al., 1980). In the in vivo procedures, LPS 
can be assayed by the localized and generalized Shwartzman reactions; 
pryogenicity tests; the production of primary skin inflammation in rabbits; 
and chick embryo and mouse lethality tests. 
The localized Shwartzman reaction is produced by injecting a few 
micrograms of LPS into rabbit subcutaneously. An intravenous injection of 
the same amount of LPS given 24 hours later results in the injected skin 
site becoming hemorrhagic within a few hours (Davis et al., 1969). 
The generalized Shwartzman reaction is a pathologic entity produced 
by giving two intravenous injections of LPS 24 hours apart (Davis et al., 
1969). 
The in vitro assay is based on the ability of LPS to induce gelation 
of a lysate obtained from amebocytes, the only cell in the blood of Limu-
lus polyphemus, the horshoe crab (Levin & Bang 1964). The Limulus lysate 
assay (LLA) is generally considered the most sensitive test for the de-
tection of bacterial LPS, and Yin et al., (1972) reported that picogram 
quantities of LPS per ml can be detected. A positive LLA can, however, 
also be induced by a number of other substances including thrombin, throm-
boplastin, ribonucleic acids and ribonuclease (Elin & Wolff 1973). 
Biological properties of LPS 
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LPS is known to be a potent toxin which in a large dose is lethal 
(Drutz & Graybill 1978). Several biological properties of LPS when in-
jected into animals include fever, transient leukopenia followed by marked 
granulocytosis, thrombocytopenia, disseminated intravascular coagulation 
{due to activation of factor XII), endotoxic shock effects on the endo-
crine system, (release of cortisone, ACTH and growth hormone), effects on 
metabolism which include hypoglycemia, hyperlipidemia, increase in several 
serum enzymes such as lactic dehydrogense, isocitric dehydrogenase, trans-
aminases and creatine phosphokinase, hypoterremia and decrease in serum 
zinc (for review see Elin & Wolf 1976). 
Galanos et al., (1972) showed the Lipid A component to be the toxic 
factor by removing it from LPS and testing its biological activity sepa-
rately. Nowotny et al., (1975) found that isolated polysaccharides may, 
in certain circumstances, express LPS-like activity in the absence of 
Lipid A. 
Other biological properties of LPS include activation of the comple-
ment system (Gewurz et al., 1968). The Lipid A moiety of LPS activates 
the classical complement pathway (Morrison & Kline 1977, Okuda & Takazoe 
1980). The polysaccharide component has been shown to activate the al-
ternative complement pathway (Morrison & Kline 1977, Okuda & Takazoe 
1980), and carries the molecule's major antigenic determinants (Westphal 
1975). 
LPS has been shown to induce stimulation of macrophages to release 
collagenase (Wahl et al., 1974), induce bone resorption in vitro (Hausmann 
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1974, Raisz et al., 1981), elicit cytotoxicity for cell cultures (Aleo 
et al., 1974), be a B cell mitogen (Andersson et al., 1972), and a potent 
polyclonal antibody activator (Kunori et al., 1978). Only Lipid A (Ander-
sson et al., 1973) and LAP (Sultzer & Goodman 1976) have been shown to 
possess mitogenic activity. The Lipid A and LAP also have the capacity 
of induce differentiation of the macrophages into killer cells (Doe et al., 
1978). 
It has been shown that interaction of LPS with serum generates che-
motactic factors for polymorphonuclear leucocytes (PMNLs) derived from the 
complement system (Snyderman 1972). 
LPS and periodontal diseases 
Early studies: Boe (1941) produced the Shwartzman reaction in rabbits 
with cell-free filtrates of autolysed cultures of oral Fusobacterium and 
Leptotrichia establishing a suspicion of LPS as a pathogenic factor in 
periodontal disease. The growing suspicion of a pathogenic role for LPS 
was enhanced by the study of Rizzo & Mergenhagen (1964) who injected LPS 
from Veillonella into the oral mucosa of rabbits. They found an inflam-
matory infiltrate characterized by PMNLs and monocytes, and also localized 
areas of bone resorption. Jensen et al., (1966) found that LPS from 
Veillonella applied to 11 skin windows•• in humans produced an increase in 
PMNL migration and phagocytosis. Mergenhagen (1967) found raised serum 
antibody titres in patients with periodontal disease to LPS from Veil-
lonella and Fusobacterium. 
LPS and bacterial plague: electron microscopic examination has revealed 
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small rod and disc-like structures bounded by trilaminar membranes within 
the matrix of dental plaque resembling the electron microscopic appearance 
of LPS (for review see Shands et al., 1967), Selvig et al., (1971) identi-
fied them as representing free bacterial LPS in plaque. Fine et al., 
(1978) examined the LPS content of superficial loosely-adherent plaque as 
compared to the deeper, adherent plaque and they concluded that the high-
est LPS concentrations were found in the subgingival loosely-adherent 
plaque. 
LPS from specific microorganisms: different destructive periodontal 
diseases have been associated with different microbial floras (Socransky 
et al., 1982). The most destructive forms of periodontal disease have 
been associated with the Gram-negative microorganisms (LPS Producers). 
LPS from Bacteroides melaninogenicus was found to be less toxic 
than LPS from Salmonella when the Shwartzman reaction test was used (Hof-
stad 1970). Veillonella LPS has been shown to have quite potent toxic 
properties (Rizzo & Mergenhagen 1964, Sveen 1977) Fusobacterium LPS pro-
duced necrosis at rabbit skin sites suggesting its pathogenic importance 
(Sveen 1977). 
The low amounts of LPS found in plaque by Johnson et al., (1976) 
have led them to speculate that the LPS responsible for the major tissue 
damage in periodontal disease may originate from microorganisms which 
grow in the depths of the periodontal pocket and liberate LPS with 
"unusual biologic properties". A gram-negative rod isolated from juven-
ile periodontitis, has been shown to cause rapid, extensive bone loss in 
19 
monoinfected rats in the absence of plaque formation (Irving et al., 1975). 
Listgarten et al., (1978) reported similar findings in gnotobiotic rats 
monoinfected with Eikenella corrodens. 
A recent study showed that LPS from two strains of Actinobacillus 
actinomycetemcomitans (Y4 and N27) are potent bone destructive agents in 
vitro, are cytotoxic for mouse peritoneal macrophages and produced the 
localized Shwartzman reaction (Kiley & Holt 1980). 
The concept that tissue destruction may be mediated primarily by 
LPS from specific bacteria rather than from the plaque as a whole has been 
further supported by Fine et al., (1978). 
Tissue response and LPS 
LPS in the gingival sulcus: LPS has been detected in the gingival fluid 
and reported to have a direct relationship to the degree of inflammation 
as assesed both clinically and histologically (Simon et al., 1970, 1971, 
1972). The presence of LPS in the gingival sulcus has led to its being 
implicated in the complement activation in chronically inflamed gingiva 
(Schenkein & Genco 1977) and to PMNL migration which occurs at all stages 
of chronic inflammatory periodontal disease (Page & Schroeder 1976). The 
presence of PMNLs and macrophages in the inflamed periodontium may be at-
tributable in part to the chemotactic factors released from the interac-
tion of complement with LPS. 
LPS penetration of gingival tissue: Rizzo (1968) observed a positive 
Shwartzman reaction when LPS was applied to mechanically ulcerated epithe-
lium and suggested that LPS may gain access to gingival tissue only after 
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the pocket lining epithelium has become ulcerated due to the disease pro-
cess. 
Schwartz et al., (1972) demonstrated that topically applied, tri-
tiated E. coli LPS (86µg over a 2 hour period) penetrated clinically 
healthy, microscopically intact crevicular epithelium in beagle dogs. 
Their finding that LPS penetrates gingival tissue has been generally ac-
cepted. 
LPS and gingival inflammation: Vascular changes (Ranney & Montgomery 
1973, Kahnberg et al., 1976), PMNL migration (Mergenhagen 1970, Baboolal 
& Powell 1971), macrophage migration, fibroblast toxicity (Allison et al., 
1976) have all been attributed to LPS-activated complement products. 
LPS and bone: It has been shown that LPS stimulates the release of pre-
labelled calcium ( 45 Ca) from fetal rat bone tissue culture (Hausmann et 
al., 1970, Kiley & Holt 1980, Raisz et al., 1981). The component of LPS 
primarily responsible for the observed resorptive activity is thought to 
be Lipid A (Hausmann 1972, 1975). 
LPS and cementum: The possibility that LPS accounts for the cytotoxicity 
of periodontally involved cementum was first proposed by Hatfield & Baum-
hammers (1971). Later, Aleo et al., (1974) observed cytotoxic effects in 
cell cultures which had been incubated with phenol-water extracts of auto-
claved involved cementum, tested with the LLA assay concluding that LPS 
was present. Aleo et al., (1975) found that cultured human gingival fi-
broblasts would attach only to a periodontally involved tooth surface 
following either hot aqueous phenol treatment, or when the entire cementum 
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had been removed by root planing. A recent study showed LPS penetration 
into the cementum (lOµm) of periodontally involved roots and microbial 
deposits down to the level of the cemento-dentinal junction suggesting 
that all periodontally involved cementum should be removed during root 
planing, in order to achieve a root surface free of bacterial contamina-
tion (Dayle et al., 1982). 
All these studies strongly suggest an important role of LPS in the 
pathogenesis of periodontal diseases. 
CHAPTER III 
MATERIALS AND METHODS 
PRELIMINARY STUDIES 
A preliminary study (I) was carried out utilizing six young adult 
female guinea pigs. Repeated injections of lOOµg/ml of E. coli endotoxin 
0111:84 strain (LPSE)* in 0.85% sterile saline (0.2 ml volume) at most 
apical extent of the labial frenum of the mandible, and as a control, 
0.85% sterile saline at the similar site in the maxilla were performed. 
The LPSE in sterile saline was placed in an ultrasonic bath** for five 
minutes to make the preparations homogeneous. 
The animals were anesthetized with ethyl ether,*** ear markers were 
placed to identify each animal. The repeated injections were performed 
at 0, 24, 48 hours and 5, 6 and 7 days. The animals were sacrificed by 
ethyl ether asfixiation 24 hours after each injection. In all cases, a 
greater neutrophilic and monocytic inflammatory response was seen in the 
experimental injection site compared with the control. ·Additionally, in 
the 7 day specimen, a chronic inflammatory response also was seen, charac-
terized by tissue,macrophages, lymphocytes and plasma cells. This pre-
liminary study demonstrated a dramatic inflammatory response in all the 
experimental sites compared with the control sites which showed a minimal 
inflammatory response. This fact demonstrated that at 24 hours after LPSE 
* DIFCO LABORATORIES - Detroit, Michigan 
** METTLER ELECTRONICS CORP. - Anaheim, California 
*** MALLINCKRODT INC. - Paris, Kentucky 
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injection, the inflammatory response was induced. 
A second preliminary study (II) was carried out utilizing five young 
adult female guinea pigs, using the same procedure as in the first study. 
However, introduced a modification by using a single injection of five 
different concentrations of LPSE: 10, 1, 0.1, 0.01 and O.OOlµg/ml of LPSE. 
The animals were sacrificed by ethyl ether asfixiation 24 hours after the 
injections. In all cases, a greater neutrophilic and monocytic inflamma-
tory response was seen in the experimental site compared to the control 
site. However, the inflammatory response with the smallest concentrations 
(O.OOlµg/ml) appeared morphologically similar to that of the control. 
This second study demonstrated that a very small concentration of LPSE 
was able to produce a greater inflammatory response compared with the 
sterile saline control. 
ENDOTOXIN PREPARATION 
One preparation was sonicated and the other one was not sonicated. 
Six concentrations of E. coli endotoxin 0111: B4 strain (LPSE) in a 0.85% 
sterile saline vehicle were made by several dilutions in the following 
manner: 
Stock dilution of 50µg/ml was prepared by dissolving 5 mg of LPSE 
in 100 ml of sterile 0.85% Na Cl. Serial dilutions were prepared as fol-
lows: 
GROUP I: Stock concentration of 50µg/ml 
GROUP II: Stock diluted 1:1 with saline for concentration of 25µg/ml 
Group III: One part of stock diluted with 4 parts of saline to obtain 
lOµg/ml concentration 
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GROUP IV: One part of lOµg/ml solution diluted with 9 parts of saline 
to yield lµg/ml 
GROUP V: One part of lµg/ml solution diluted with 9 parts of saline for 
a concentration of O.lµg/ml 
GROUP VI: One part of O.lµg/ml solution diluted with 9 parts of saline 
for O.Olµg/ml final concentration 
SONICATION PROCEDURE 
Sonication of the concentrations was performed with a Blackstone 
Ultrasonic Probe System, Probe Model BP2,* which has a mechanical reso-
nance of 20 kc, at maximum power for eight periods of 30 seconds (modified 
from Shands et al., 1967). The concentrations were placed in a plastic 
beaker to prevent fracture of a glass beaker, and in a cold bath to pre-
vent extreme heat (Table I). 
The concentrations that were not sonicated were placed for five 
minutes in an ultrasonic bath** to make the preparations homogeneous 
(Table II). 
ANIMALS 
Fourteen young adult female guinea pigs, weighing 500-550 g were 
utilized in this experiment. The experimental animals were divided into 
six groups. The animals were anesthetized with ethyl ether, ear markers 
were placed to identify each animal. Two animals from each group were 
injected with a syringe mounted with a 25 gauge needle. A 0.05 ml volume 
* BLACKSTONE ULTRASONICS, INC. - Sheffield, Pennsylvania 
**METTLER ELECTRONICS CORP. - Anaheim, California 
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of sonicated LPSE was injected at the most apical extent of the labial 
frenum in the maxilla; and the same volume of unsonicated LPSE was in-
jected into the most apical site of the labial frenum of the mandible. 
Two animals were utilized as controls and were injected with 0.85% sterile 
saline solution at similar sites as in the experimental animals (Table 
III). The animals were sacrificed 24 hours after the injections, being 
anesthetized with ethyl ether and then injected intraperiotoneally with 
0.5 ml of Socumb - 6GR (sodium pentobarbital)*. The mucosa of each in-
jection site was resected utilizing sharp disection with a #15 Bard Park-
er blade, a 0.5 cm 2 tissue sample was removed and placed immediately in 
buffered formalin, 10% for 24 hours. The tissue was washed, dehydrated, 
cleared, embedded in paraffin and sectioned at 5µm utilizing an A.O. 820 
microtome**. The sections were stained with haematoxylin and eosin. 
The density and morphology of inflammatory cells per unit area was 
measured using an A.O. 10 microscope mounted on the occular with a reti-
cule grid calibrated in 1002µ m2 (A.O.). A blood cell counter was utilized 
to record the cell population. Five randomly selected fields where the 
inflammatory response was present were counted in each specimen, and the 
cell population density per 1002µ m2 averaged. 
A one tail t test was done to compare: a) the mean of the inflamma-
tory cell population density of the sonicated LPSE group with the mean of 
the cell population density of the control group; b) the mean of the cell 
* THE BUTLER COMPANY - Columbus, Ohio 
**AMERICAN OPTICAL CO. - Buffalo, New York 
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population density of the unsonicated LPSE group with the mean of the cell 
population density of the control group; c) the mean of the cell popula-
tion density of the unsonicated group with the mean of the cell population 
density of the sonicated group; d) the mean of the cell population density 
of each subgroup in the sonicated LPSE group with the mean of the cell 
population density of the control group; e) the mean of the cell popula-
tion density of each subgroup in the unsonicated LPSE group with the mean 
of the cell population density of the control group. 
TABLE I 
SONICATED GROUP - MAXILLA SITE 
ANIMAL (12) LPSE CONCENTRATION 
Group I 
(2 animals) 50 µg/ml LPSE + 0.85% Sterile Saline 
Group II 
(2 animals) 25 µg/ml LPSE + 0.85% Sterile Saline 
Group I II 
(2 animals) l 0 µg/ml LPSE + 0.85% Sterile Saline 
Group IV 
(2 animals) µg/ml LPSE + ).85% Sterile Saline 
Group V 
(2 animals) 0. l µg/ml LPSE + 0.85% Sterile Saline 
Group VI 
(2 animals) 0.01 µg/ml LPSE + 0.85% Sterile Saline 
Table I: Experimental LPSE sonicated group. Maxilla site. 
VOLUME 
0.05 ml 
0.05 ml 
0.05 ml 
0.05 ml 
0.05 ml 
0.05 ml 
N 
-.....J 
ANIMAL (12) 
Group I 
(2 animals) 
Group II 
(2 animals) 
Group III 
(2 animals) 
Group IV 
(2 animals) 
Group V 
(2 animals) 
Group VI 
(2 animals) 
TABLE II 
UNSONICATED GROUP - MANDIBLE SITE - SAME ANIMAL OF TABLE I 
LPSE CONCENTRATION VOLUME 
50 µg/ml LPSE + 0.85% Sterile Saline 0.05 ml 
25 µg/ml LPSE + 0.85% Sterile Saline 0.05 ml 
l O µg/ml LPSE + 0.85% Sterile Saline 0.05 ml 
µg/ml LPSE + 0.85% Sterile Saline 0.05 ml 
0. l µg/ml LPSE + 0.85% Sterile Saline 0.05 ml 
0.01 µg/ml LPSE + 0.85% Sterile Saline 0.05 ml 
Table II: Experimental LPSE unsonicated group. Mandible site. Same animal as 
table I. 
N 
co 
TABLE I II 
ANIMAL (2) CONTROL SOLUTION VOLUME 
Animal #1 0.85% Sterile Saline 0.05 ml 
Animal #1 0.85% Sterile Saline 0.05 ml 
Animal #2 0.85% Sterile Saline 0.05 ml 
Animal #2 0.85% Sterile Saline 0.05 ml 
Table III: Sterile saline control group. 
SITE OF INJECTION 
Maxi 11 a 
Mandible 
Maxi 11 a 
Mandible 
N 
ID 
RESULTS 
Histologically the oral mucosal labial frenae sites injected with 
sterile saline, and unsonicated and sonicated LPSE showed a keratinized 
stratified squamous epithelium with a varying inflammatory cell infiltrate 
in the connective tissue characterized predominantly by polymorphonuclear 
leukocytes (PMNLs) with some monocytes. Dilation and congestion of the 
blood vessels and loss of collagen fibers in the supporting tissues in-
filtrated by PMNLs, were also observed. 
STERILE SALINE CONTROL SITES 
Histologically, the four sites injected with sterile saline showed 
only a scanty inflammatory cell infiltrate in the connective tissue char-
acterized predominantly by PMNLs with few monocytes, dilation and conges-
tion of blood vessles were observed (Fig. 2 and 3). The mean of the 
PMNLs population density was 13.5 cells/l002µm 2 (Table IV). 
SONICATED LPSE SITES 
Histologically, all twelve sites showed an inflammatory cell in-
filtrate in the connective tissue characterized predominantly by PMNLs 
and some monocytes. The supporting connective tissue showed a moderate 
disorganization characterized by cell necrosis, edema, and loss of col-
lagen fibers, in the sites infiltrated by PMNLs. A moderate dilation 
and congestion of the blood vessels were also observed (Fig. 4 and 5). 
This inflammatory response was more extensive than observed in the 
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sterile saline control sites but less than that observed in the unsoni-
cated group. The mean population density of PMNLs were not dose depen-
dent (Table IV), and appeared to be similar at all doses of LPSE. 
UNSONICATED LPSE SITES 
Histologically, all twelve sites showed a diffuse, dense inflamma-
tory cell infiltrate in the connective tissue, characterized predominant-
ly by PMNLs and few monocytes. The dense inflammatory cell infiltrate 
was more extensive as compared to the sterile saline control sites. Fur-
thermore, the sites injected with unsonicated LPSE had a greater inflam-
matory cell infiltrate than sites injected with sonicated LPSE. The con-
nective tissue showed a severe disorganization characterized by cell 
necrosis, edema and loss of collagen fibers in the supporting tissue in-
filtrated by PMNLs. A severe dilation and congestion of the blood vessels 
were also observed (Fig. 6 and 7). The mean population density of PMNLs 
were dependent on the dose of the LPSE injected, as the greatest number 
of PMNLs were observed in sites injected with the greatest concentration 
of LPSE. 
STATISTICAL ANALYSIS OF INFLAMMATORY CELL DENSITIES 
The results of the t test were as follows: a) the LPSE sonicated 
group showed a statistically significant greater population density for 
PMNLs than the sterile saline control at the P< 0.01 level; b) the LPSE 
unsonicated group showed a statistically significant greater population 
density for PMNLs than the sterile saline control group at the P< 0.01 
level; c) the LPSE unsonicated group showed a statistically significant 
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density for PMNLs that the LPSE sonicate group at the P< 0.01 level; d) 
all the subgroups in the LPSE sonicated group showed a statistically 
significant greater population density for PMNLs than the sterile saline 
control group at the P< 0.05 level; e) all the subgroups in the LPSE un-
sonicated group showed a statistically significant greater population 
density for PMNL, than the sterile saline control group at the P< 0.01 
level (see Appendix.) 
A graph showing the PMNLs population density related to the sterile 
saline control, sonicated LPSE group and unsonicated LPSE group illus-
trates the quantitative results of the study. 
Figure 2: Histologic appearance of one of the specimens of the 
sterile saline control showing a scanty inflammatory 
infiltrate in the connective tissue (Haematoxylin and 
eosin stain - magnification X 100). 
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Figure 3: High power view of specimen in Figure 2, showing 
a scanty PMNL infiltrate and a mild blood vessel 
dilation and congestion (Haematoxylin and eosin 
stain - magnification X 400). 
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Figure 4: Histologic appearance of sonicated LPSE Group III 
(lOµg/ml) showing a moderate inflammatory infiltrate 
in the connective tissue. Blood vessel dilation and 
congestion can be observed. (Haematoxylin and eosin 
stain - magnification x 100). 
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Figure 5: High power view of specimen in Figure 4 showing a 
moderate PMNL infiltrate, dilation and congestion 
of blood vessels, loss of collagen fibers can be 
observed. (Haematoxylin and eosin stain - magnification 
x 400.) 
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Figure 6: Histologic appearance of unsonicated LPSE Group III 
(lOµg/ml) showing a dense inflammatory infiltrate 
in the connective tissue. Blood vessel dilation and 
congestion can be observed. (Haematoxylin and eosin 
stain - magnification X 100.) 
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Figure 7: High power view of specimen in Figure 6, showing a 
dense PMNL infiltrate, dilation and congestion of 
blood vessels. Loss of collagen is evident surrounding 
the PMNLs. (Haematoxylin and eosin stain - magnification 
x 400.) 
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TABLE IV 
MEANS OF THE PMNLs POPULATION DENSITY 
( ce 11 s/ l002 µm 2 ) 
CONTROL 
PMNLs 13.5 
UNSONICATED LPSE 
Group I (25µg/ml) 
PMNLS 69.3 
Group II (lOµg/ml) 
PMNLs 68.4 
Group III (50µg/ml) 
PMNLs 60.7 
Group IV (O. lµg/ml) 
PMNLs 52 
Group v (lµg/ml) 
PMNLs 47.6 
Group VI (O.Olµg/ml) 
PMNLs 44 
Unsonicated LPSE 
PMNLs 57.0 
SONICATED LPSE 
Group I (50µg/ml) 
PMNLs 33.3 
Group II (25µg/ml) 
PMNLs 34. l 
Group I II (l Oµg/ml) 
PMNLs 32.5 
Group IV (lµg/ml) 
PMNLs 34.3 
Group v (O.Olµg/ml) 
PMNLS 30. l 
Group VI (O.Olµg/ml) 
PMNLS 33.9 
Sonicated LPSE 
PMNLS 33.03 
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CHAPTER V 
DISCUSSION 
An inflammatory cell infiltrate characterized predominantly by 
PMNLs resulted in a response to all concentrations of LPSE ranging from 
50µg/ml to 0.01 µg/ml (0.05 ml volume) injected into the oral mucosa of 
guinea pigs, after a 24 hour period of time. 
The density of PMNLs was greater in the LPSE groups than in the 
sterile saline control injection sites, which showed a localized and 
scanty inflammatory infiltrate. Monocytes were present in response both 
to the LPSE and sterile saline injection, but were more evident at the 
LPSE injection sites. 
Clearly, LPSE induced an inflammatory process of significantly 
greater cellularity than did sterile saline, however, the unsonicated 
LPSE resulted in a greater response than either saline and sonicated 
LPSE. This finding could be related to the hypothesis that a macromolec-
ular complex of critical size is required in order for LPSE to elicit its 
characteristic effect in the host (Tarmina et al., 1968). Sonication re-
duces the macromolecular size of LPSE (Shands, 1967) and may be responsi-
ble for its reduction in the induced inflammatory response as compared to 
unsonicated LPSE observed in this study. However, in another study, Sveen 
(1977) found that sonicated LPSE produced a greater inflammatory response, 
as measured by the diameter of the erythema in the skin of the rabbit 
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than unsonicated LPSE and it was suggested that the LPSE should be in a 
well suspended state. In the present study, the unsonicated LPSE was 
placed in an ultrasonic bath for five minutes and a good suspended state 
of LPSE was assumed since a greater inflammatory response was obtained 
as determined by the results of this study. 
The question of the effect of sonication of LPSE and the inflamma-
tory response may be related to a reduction not only in the molecular 
size, but also to a cleavage of the Lipid A portion from the polysaccha-
ride moiety such as occurs following the use of sodium deoxycholate (Ribi 
et al., 1966). Possible, sonicated LPSE fragments of Lipid A and poly-
saccharide, if permitted time for reassembly, could regain the macromo-
lecular size to induce an inflammatory response similar to unsonicated 
LPSE. Such a study should be done to assess this possibility. 
The presence of a dramatic infiltrate of PMNLs with all the LPSE 
concentrations and in a lesser degree in the sterile saline injection 
sites, suggests the presence of chemoattractants for PMNLs in both the 
LPSE and sterile saline sites of injection. 
There are many substances which act as chemoattractants for PMNLs 
(for review, see Zigmond, 1978) however, the possible chemoattractants 
related to this experiment would include those produced only by the in-
jection of sterile saline and LPSE. 
The physical injuries produced by a needle injection are most 
likely related to disturbances of the damaged or killed cells and the 
hemorrhage produced at the injection sites. Perturbation of the plasma 
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membrane results in phospholipidase A2 activation and deesterification of 
phospholidylcholine arachidonate, liberating arachidonic acid. Free ara-
chidonic acid is the substrate for both the cyclo-oxygenase enzyme system 
resulting in prostaglandin production and the lipoxygenase system and the 
production of hydroperoxidation of arachidonic acid to the leukotrienes 
(Higgs and Eakins, 1980). According to Goetzl et al., (1977), Leukotriene 
B has been shown to be a potent chemoattractant for PMNLs (Fig. 9). 
In hemorrhages, resulting from damage of blood vessel walls, clott-
ing factor XII (Hageman factor) which upon contact with the collagen and 
sulfated glycoproteins in the vessel wall is activated to factor XIIa and 
XIIb (Fig. 10). This results in both a blood clotting cascade and the ac-
tivation of Kallikrein and plasmin both of which are chemotactic for PMNLs 
(Lepow and Ward, 1972). Moreover, the fibrin clot produced by activation 
of factor Xla also is chemotactic as are the split products of fibrin 
resulting from fibrinolysis by plasmin (Stetcher, 1974). Injured cells 
release lysosomal enzymes, one of these, collagenase which breaks down 
collagen. Products of collagen breakdown have been shown to have chemo-
tactic properties (Chang and Houch, 1970). Another type of tissue-de-
rived chemotactic product is related to the fact that most tissues contain 
C3 and/or C5 cleaving enzymes (Ward, 1974). Some fragments of the com-
plement system, C3a, C5a, C56T are PMNLs chemoattractants (Lepow, 1971, 
Ruddy et al., 1972, Ward, 1974, Nisengard, 1977). There are certain 
enzymes responsible for generation of these fragments within the comple-
ment system which are chemoattractants. These include for the C3 
INJURY OF BLOOD VESSELS 
HAGEMAN FACTOR + COLLAGEN + KALLIKREIN + CHEMOTAXIS 
& 
(FACTOR XII) SULPHATED GLYCOPROTEINS 
Figure 9: Injury of blood vessels and chemotaxis. 
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Figure 10. Injury of cells and chemotaxis 
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fragment: C42, C3 activator, trypsin, thrombin, neutral tissue protease; 
for the C5 fragment: C423, protease of alternate complement pathway, 
neutral protease of lysosomal granules; for the C567 fragment: C423 and 
trypsin (Ward, 1974). 
Sterile physiologic saline does not have chemoattractant properties 
for PMNLs and by itself could not explain the presence of PMNLs at the 
site of injection. However, the needle penetration and the pressure of 
the volume of injected sterile saline can cause injury to the mucosa. 
The injury would occur to the epithelium, basement membrane, and the 
vascular and fibrous tissues of the lamina propria in the oral mucosa. 
The injury results in necrosis of epithelial cells, fibroblasts, endo-
thelial cells, Schwann cells and the perivascular adventitia including 
pericytes, smooth muscle cells, monocytes, lymphocytes and PMNLs randomly 
present. Accordingly, in the sterile saline injected site, the physical 
changes can result in cellular perturbation which may result in the lib-
eration of altered cellular products leading to the production of media-
tors of inflammation, including the chemoattractants discussed above. 
In addition to the source of chemoattractants induced by physical injury, 
LPSE also has been reported to mediate PMNL chemotaxis. LPSE has been 
shown to activate the complement system by either the classical or al-
ternate pathway (Morrison and Kline, 1977, Okuda and Takazoe, 1980), 
generating C3a, C5a, and C567 fragments which are PMNL chemoattractants 
as was discussed above. In 1964, Rizzo and Mergenhagen found in an in 
vivo study that after injection of 50µg LPSE from Veillonella into rabbit 
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oral mucosa, a PMNL infiltrate reached a peak at 24 hours after injection; 
monocytes and cell remnants were also present. 
It has been shown in an experiment with human subjects that the capa-
city of only O.l9µg of LPSE from a strain of human oral Veillonella (V-1) 
can induce PMNL .migration and phagocytosis (Jensen et al., 1966). A re-
cent .:!.!!. vivo study, in mice, showed that 5.0µg LPSE from oral Veillonella 
is capable to attract PMNLs (Wilton and Almeida, 1980) . ..!!!. vitro studies 
of the reaction of LPSE from Veillonella alcalescens with human, mouse, 
rabbit, or guinea pig serum resulted in the generation of chemotactic 
activity for PMNLs, suggesting the activation of the complement system and 
generation of chemotactic factors from some of its components (Snyderman 
et al., 1968. In a related study, 10% autologous plasma and LPSE from 
Eikenella corrodens using a modified Boyden chamber technique also found 
to be chemotactic for PMNLs (Manoucher - Pour et al., 1981). 
These studies suggest that when LPSE is released by Gram-negative 
bacteria into the tissues, there is an interaction with the complement 
system and chemotactic activity for PMNLs to occur. 
In the present study, chemoattractants derived both from the needle 
injury and the chemoattractant me~iator activity of LPSE may result in an 
amplification of PMNLs chemotaxis. 
The extremely important protective role of PMNLs in periodontal 
disease is well known (for review, see Newman, 1980, Van Dyke et al., 
1982, Wilton, 1982, Page and Schroeder, 1982) but also could act as a 
double edge sword and cause destruction when there is an imbalance in 
their function. 
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Accumulation of PMNLs in the connective tissue and junctional epithe-
1 ium of the periodontium is a characteristic feature of chronic periodon-
tal disease (Page and Schroeder, 1976). PMNL lysosomal enzymes could have 
a part in the pathogenesis of periodontal disease (Taichman, 1970 , New-
man, 1980). Hyaluronidase, vascular permeability promoting proteases, 
collagenase and other lysosomal enzymes capable of producing tissue des-
truction (Taichman, 1970) suggest a destructive role of these enzymes in 
periodontal disease. Tsai et al., in 1978 studied the interaction between 
PMNLs and Gram-negative microorganisms and found the release of lysosomal 
enzymes in the absence of serum components. Their electron microscopic 
observations indicated that degranulation and release of PMNL 1ysosomes 
were associated with phagocytosis of Gram-negative bacteria. They also 
found that serum has a modulating effect on PMNL release, generally en-
hancing release reaction to all bacteria. 
Baehni et al., in 1978 showed that PMNLs may release lysosomes in 
response to bacterial plaque in the abscence of phagocytosis. Their data 
suggests that PMNL interaction with Gram-negative bacteria may be an im-
portant mechanism in the pathogenesis of periodontal diseases. 
The findings of the present study show that LPSE exhibits potent 
chemotactic mediator properties even in very small amounts {O.Olµg/ml). 
This is consistent with the studies of Rizzo and Mergenhagen (1964), who 
reported that after injection of 50µg LPS from Veillonella, a PMNL 
infiltrate reached a peak at 24 hours post-injection and that monocytes 
were also present; Wilton and Almeida (1980), also reported that 
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LPS from Veillonella when injected into the peritoneal cavity of mice 
will exhibit chemotactic properties for PMNLs 24 hours after injection. 
The present study is also closely related to the studies of LPS and its 
chemotactic mediator properties performed by Jensen et al., 1966, Snyder-
man et al., l 968 and Manoucher - Pour et al., in l 981. 
The protective role of PMNLs in periodontal diseases has been studied 
by many investigators and its destructive role when there is an imbalance 
in its function has also been suggested. However, the precise relation-
ship between PMNL chemotaxis and the development of the periodontal lesion 
is not well known. Further studies testing the capacity of lysosomal en-
zymes to induce destruction in the periodontal tissues are necessary to 
elucidate its destructive role in periodontal diseases. 
There is abundant evidence concerning the biological activity of 
LPS and its destructive role in periodontal diseases. However, future 
studies testing the biological activities of LPS from specific oral bac-
teria are necessary to define the precise role of LPS in the pathogene-
sis of periodontal diseases. 
CHAPTER VI 
SUMMARY AND CONCLUSIONS 
This study demonstrated that 24 hours after the injection of physio-
logic sterile saline into the guinea pig oral mucosa, a scanty inflamma-
tory infiltrate characterized predominantly by PMNLs is present at the 
site of the injection. 
Physiologic sterile saline is not known to exhibit chemoattractant 
properties for PMNLs, however, there is evidence that mechanical injury 
of the tissues, the needle injury in this case, lead to the release of 
tissue derived chemoattractants. 
When LPSE is injected with sterile saline, there is an amplification 
of the inflammatory response probably due to the activation of the comple-
ment system by LPS and the release of potent chemoattractant fractions of 
the complement system (C3a, C5a, and C567). 
Both, the sonicated and unsonicated LPSE induced a greater inflam-
matory response than the sterile saline, however, the inflammatory response 
was greater in the unsonicated LPSE probably due to the reduction in molec-
ular size and alteration of the LPS chemical structure in the sonicated 
LPSE. 
It is difficult to determine the least concentration of LPS which 
is able to produce an inflammatory response 24 hours after injection, due 
to the fact that mechanical injury produced by the needle induces an 
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inflammatory response, however, it was shown that very small amounts of 
LPS sucn as U.Ulµg/ml (0.05 ml volume) exhibit potent chemotactic mediator 
properties for PMNLs. 
It is known that when an imbalance of PMNLs occurs, the release of 
lysosomal enzymes has the potential to produce tissue destruction. LPS 
has been shown to exhibit cytotoxic properties for fibroblasts. These 
biological properties of LPS suggest a role in tissue destruction in in-
flammatory periodontal diseases. 
Future research testing the biological activities of LPS from speci-
fic oral bacteria are necessary to define the precise role of LPS in the 
pathogenesis of inflammatory periodontal diseases. 
REFERENCES 
l. Aleo, J.J., De Renzis, F.A., and Farber, P.A.: In vitro attachment 
of human gingival fibroblasts to root surfaces. J Periodontal 
46:639, 1975. 
2. Aleo, J.J., De Renzis, F.A., Farber, P.A., and Var boncoeur, A.P.: 
The presence and biologic activity of cementum-bound endotoxin. 
J Periodontal 45:672, 1974. 
3. Allison, A., Schorlemmer, H., and Bitter-Suermann, D.: Activation 
of complement by the alternate pathway as a factor in the patho-
genesis of periodontal disease. Lancetii: 1001, 1976. 
4. Andersson, J., Melchers, F., Galanos, C. and Luderitz, 0.: The mito-
genic effect of lipopolysaccharide on bone marrow-derived mouse 
lymphocytes. Lipid A as the mitogenic part of the molecule. 
J Exp Med 137:943, 1973. 
5. Andersson, J., Moller, G. and Sjoberg, 0.: 
DNA synthesis in T and B-lymphocytes. 
Selective induction of 
Cell Immunol 4:381, 1972. 
6. Ash, M.M. and Gitlin, B.N.: Correlation between plaque and gingivitis. 
J Periodontal 35:58, 1964. 
7. Baboolal, R. and Powell, R.: The effect of oral microbial endotoxins 
on rabbit leukocyte migration and phagocytosis. The Prevention 
of Periodontal Disease. London: Eastoe, J., Pincton, D., and 
Alexander, A. (eds) P. 123. Kimpton, 1971. 
8. Baehni, P., Tsai, C.C., Taichman, N., and McArthur, W.: Interaction 
of inflammatory cells and oral microorganisms. V. Electron 
microscopic and biochemical study on the mechanisms of release 
of lysosomal constituents from human polymorphonuclear leuko-
cytes exposed to dental plaque. J Periodont Res 13:333, 
1978. 
9. Boe, J.: Skrifter Videnskap-Akad (Oslo). I, Mat-Naturv Klasse 9:1, 
1941. 
10. Bowden, G.H., Hardie, J.M., and Slack, G.L.: Microbial variations in 
approximal dental plaque. Caries Res 9:253, 1975. 
11. Chang, C., and Houck, J.: Demonstration of the chemotactic properties 
of collagen. Proc Soc Expc Biol Med 134:22, 1970. 
52 
12. Cochrane, C.G., Revak, S., Aikin, B., and Wuepper, K.: The struc-
tural characteristics and activation of Hageman factor. 
53 
New York and London, Lepow, I. and Ward, P. (eds) Inflammation 
P. 119. Academic press, 1972. 
13. Coykendall, A.L., Kaczmarek, F.S., and Slots, J.: Genetic hetero-
geneity in Bacteroides asaccharolyticus (Holdeman and Moore 
1970) Finegold and Barnes 1977 (approved lists, 1980) and 
Proposal of Bacteroides Jingivalis sp.no. and Bacteroides 
macacae (Slots and Genco comb. nov. Int. J. Syst. Bacterial 
30: 559' 1980. 
14. Crawford, A.C.R., Socransky, S.S., Smith, E. and Phillips, R. 
Pathogenicity testing of oral isolates in gnotobiotic rats. 
A.A.D.R. Abst. No. 275, 1977. 
15. Crutchley, M.J., Marsh, D.G. and Cameron, J.: Free endotoxin. 
Nature 214:1052, 1967. 
16. Daly, C.G., Seymour, G.J. and Kieser, J.B.: Bacterial endotoxin: 
a role in chronic inflammatory periodontal disease? J Oral 
Path 9:1, 1980. 
17. Daly, C.G., Seymour, G.J., Kieser, J.B., and Corbet, E.F.: Histo-
logical assesment of periodontally involved cementum. J Clin 
Periodontal 9:266, 1982. 
18. Davis, B., Dulbecco, E., Eisen, H., Ginsberg, H. and Wood, W.: 
Microbiology. Chapters XIX and XXVI. London: Harper and 
Row, l 969. 
19. de Obarrio, J.J., Gargiulo, A.V., and Toto, P.O.: Histopathologic 
effect of LPS injected into guinea pig oral mucosa. Pilot 
study I. Unpublished data. 
20. de Obarrio, J.J., Gargiulo, A.V. and Toto, P.O.: Histopathologic 
effect of LPS injected into guinea pig oral mucosa. Pilot 
study II. Unpublished data. 
21. Doe, W.F., Yang, S.T., Morrison, D.C., Betz, S.J. and Henson, P.M.: 
Macrophage stimulation by bacterial lipopolysaccharides. 
II. Evidence for differentiation signals delivered by Lapid A 
and by a protein rich fraction of lipopolysaccharides. 
J Exp Med 148:557, 1978. 
22. Drutz, D. and Graybill, J.: Infectious diseases. Basic and Clinical 
Immunology. Fudenberg, H., Stites, D., Caldwell, J. and Wells, 
J. (eds) p. 595. Los Altos: Lange Medical Publications. 
23. Ecker, E.E.: The pathogenic effect and nature of a toxin produced 
by B. paratyphosus. J. Infect. Dis. 21:541, 1917. 
24. Ellin, R.J., and Wolff, S.M.: Biology of endotoxin. Ann Rev Med 
27:127, 1976. 
25. Fine, D., Tabak, L., Oshrain, H., Salkind, A. and Siegel, K.: 
Studies in plaque pathogenicity. I plaque collection and 
Limulus lysate screening of adherent and loosely adherent 
plaque. J Periodont Res 13:17, 1978. 
26. Frank, R.M.: Bacterial penetration in the apical pocket wall of 
advanced human periodontitis. J Periodont Res 15:563, 1980. 
27. Galanos, C., Rietschel, E., Luderitz, 0. and Westphal, 0.: 
Biological activities of Lipid A complexed with bovine serum 
albumin. Eur. J Biochem 13:230, 1972. 
28. Garant, P.R.: An electron microscopic study of the periodontal 
tissues of germ free rats monoinfected with Actinomyces 
naeslundii. J Periodont Res., supplis: l, 1976. 
54 
29. Gewurz, H., Shin, H.S. and Mergenhagen, S.E.: Interactions of the 
complement system with endotoxic lipopolysaccharide: Consump-
tion of each of the six terminal complement components. 
J.Exp. Med. 128:1049, 1968. 
30. Gibbons, R.J., Berman, K.S., Knoettner, P. and Kapsimalis, B. 
Dental caries and alveolar bone loss in gnotobiotic rats in-
fected with capsule forming streptococci of human origin. 
Arch. Oral Biol. 11 :549, 1966. 
31. Gibbons, R.J., and van Houte, J.: Microbiology of periodontal 
disease. Shae, J. (ed) Textbook of oral biology p. 1178. 
Philadelphis: W.B. Saunders, 1978. 
32. Gillett, R., and Johnson, N.W.: Bacterial invasion of the perio-
dontium in a case of juvenile periodontitis. J Clin Perio-
dontal 9:93, 1982. 
33. Goetzl, E.J., Woods, J. and Gorman, R.: Stimulation of human 
eosinophil and neutrophil polymorphonuclear leukocyte chemo-
taxis and random migration by 12-L-Hydroxy-5, 8, 10, 14-eico-
satetrenoic acid. J. Clin Invest 59:179, 1977. 
34. Hatfield, C. and Baumhammers, A.: Cytotoxic effects of perio-
dontally involved surfaces of human teeth. Arch. Oral Biol 
16:465, 1971. 
35. Hausmann, E.: Potential pathways for bone resorption in human 
periodontal disease. J Periodontal 45:338, 1974. 
55 
36. Hausmann, E., Luderitz, 0., Knox, K., and Weinfeld, N.: Structural 
requirements for bone resorption by endotoxins and lipo-
teichoic acid. J Dent Res 54 (Special Issue B) B 94-B99, 
1975. 
37. Hausmann, E., Raisz, L. and Miller, W.: 
bone resorption in tissue culture. 
Endotoxin: stimulation of 
Science 168:862, 1970. 
38. Hausmann, E., Weinfeld, N., and Miller, W.: Effects of lipopoli-
saccharides on bone resorption in tissue culture. Cal. Tiss. 
Res 9 : 2 72 , 1 9 72 . 
39. Heath, E.C. and Ghalambor, M.A.: 2-keto-3 deoxyoctonate, a con-
stituent of cell wall lipopolysaccharide preparations obtained 
from E. coli. Biochem Biophys Res Commun 10:340, 1963. 
40. Hellerqvist, C.G., and Lindberg, A.A.: Structural studies on the 
0-specific side-chains of the cell wall lipopolysaccharide 
from Salmonella typhimurium. Carbohydr. Res. 16:39, 1971. 
41. Hellerqvist, CLG., Lindberg, B., Svensson, S., Holme, T., Lindberg, 
A.A.: Structural studies on the 0-specific side-chains of 
the cell wall lipopolysaccharide from Salmonella typhimurium 
LT2. Carbohydr. Res 9:237, 1969. 
42. Higgs, G. and Eakins, K.: Arachidonic acid peroxidation in inflam-
mation and its inhibition as a mechanism for anti-inflammatory 
activity. Willoughby, D.S., and Giroud, J.P. (eds). Inflam-
mation: Mechanisms and Treatment. p. 115. Baltimore: Uni-
versity Park Press. 
43. Hofstadt. Tl.: Biological activities of endotoxins from Bacteroides 
melaninogenicus. Arch. Oral Biol. 15:343, 1970. 
44. Irving, J.T., Newman, M.G., Socransky, S.S., and Heeley, J.: 
Histologic changes in experimental periodontal disease in 
rats mono-infected with a Gram-negative organism. Arch. Oral 
Biol. 20:219, 1975. 
45. Irving, J.T., Socransky, S.S., Heeley, J.D.: Histological changes 
in experimental periodontal disease in gnotobiotic rats and 
conventional hamsters. J Periodont Res 9:73, 1974. 
56 
46. Irving, J.T., Socransky, S.S. Newman, M.G., and Savitt, E.: Perio-
dontal destruction induced by Carnocytophaga in gnotobiotic 
rats. I.A.D.R. Abst. No. 783, 976. 
47. Jensen, S., Theilade, E. and Jensen, J.: Influence of oral bacterial 
endotoxin on cell migration and phagocytic activity. 
J Periodont Res. 1 :129, 1966. 
48. Johnson, D., Chen, C., Dombrowsk, J. and Nowotny, A.: Role of 
bacterial products in periodontitis. J Periodont Res 11: 
349' 1976. 
49. Kahnberg, K., Lindhe, J. and Hellden, L.: Initial gingivitis induced 
by topical application of plaque extract. A histometric study 
in dogs with normal gingiva. J Periodont Res 11:218, 1976. 
50. Kelstrup J. and Gibbons, R.J.: Induction of dental caries and 
alveolar bone loss by a human isolate resembling Streptococcus 
salivarius. Caries Res. 4:360, 1970. 
51. Kelstrup, J., and Theilade, E.: Microbes and Periodontal disease. 
J Cl in Periodontal l :15, 1974. 
52. Knox, K., and Parker, R.: Isolation of phenol soluble endotoxin 
from Leptotrichia buccalis. Arch. Oral Biol 18:85, 1973. 
53. Kiley, P. and Holt, S.: Characterization of the lipopolysaccharide 
from Actinobacillus actinomucetemcomitans v4 and N 27. Infect Immun 30:862, 1980. 
54. Kornman, K.S., and Holt, S.C.: Physiological and ultrastructural 
characterization of a new Bacteroides species (Bacteroides 
capillus) isolated from severe localized periodontitis. 
J Periodont Res 16:542, 1981. 
55. Kornman, K.S., and Loesche, W.J.: The subgingival microbial flora 
during pregnancy. J Periodont Res 15:111, 1980. 
56. Kunori, T., Ringden, 0. and Moller, E.: Optimal conditions for poly-
clonal antibody secretion and DNA synthesis in Human Blood and 
spleen lymphocytes by Lipopolysaccharide. Scand. J. Immunol 
8 :451' 1978. 
57. Levin, J. and Bang, F.: The role of endotoxin in the Extracellular 
coagulation of Limulus blood. Bulletin of John Hopkins Hospi-
tal 115:265, 1964. 
57 
58. Listgarten, M.A.: Electron microscopic observations on the bacterial 
flora of acute necrotizing ulcerative gingivitis. J Perio-
dontal 36:328, 1965. 
59. Listgarten, M.A.: Structure of the microbial flora associated with 
periodontal health and disease in man. A light and electron 
microscopic study. J Periodontal 47:1, 1976. 
60. Listgarten, M.A., and Hellden, L.: Relative distribution of bacteria 
at clinically healthy and periodontally diseased sites in 
humans. J Clin Periodontal 5:246, 1978. 
61. Listgarten, M., Johnson, D., Nowotny, A., Tanner, A. and Socransky, 
S.: Histopathology of periodontal disease in gnotobiotic rats 
monoinfected with Eikenella corrodens. J. Periodont Res 13: 
134, 1978. 
62. Loe, H.: Human research model for the production and prevention of 
gingivitis. J Dent Res 50:256, 1971. 
63. Loe, H., and Schiott, C.R.: The effect of supression of the oral 
microflora upon the development of dental plaque and gingivitis. 
McHugh, W.D. (ed), Dental Plague p.247. Edinburgh, E. & S. 
Livingstone, 1970. 
64. Loe, H., Theilade, and Jensen, S.F.: Experimental gingivitis in man. 
J Periodontal 36:177, 1965. 
65. Loesche, W.J., and Syed, S.A.: Bacteriology of dental plaque in ex-
perimental gingivitis. Relationship between gingivitis and 
flora. J Dent Res 54:71 Spec. Iss. 1973. 
66. Loesche, W.J., Syed, S.A., Laughon, B.E., and Stoll, J.: The bac-
teriology of acute necrotizing ulcerative gingivitis. J 
Periodontal 53:223, 1982. 
67. Luderitz, 0., Westphal, 0., Staub, A.M. and Nikaido, H.: Isolation 
and chemical and immunological characterization of bacterial 
lipopolysaccharides. Weinbaum, G., Kadis, S. and Ajl, S.J. 
(eds), Microbial Toxins IV (Bacterial Endotoxins) p. 145. 
New York and London: Academic press, 1971. 
68. Manoucher-Pour, M., Spagnuolo, P., Badger, S., and Bissada, N.: 
PMN chemoattractant activity of Eikenella corrodens endotoxin. 
J Dent Res 60 {Special issue A) Abstr. No. 1023. 
69. Mergenhagen, S.E.: Nature and significance of somatic antigens of 
oral bacteria. J Dent Res 46:46, 1967. 
58 
70. Mergenhagen, S.E.: Complement as a mediator of inflammation: For-
mation of biologically-active products after interaction of 
serum complement with endotoxins and antigen-antibody complexes. 
J Periodontal 41 :202, 1970. 
71. Morrison D.C. and Kline L.F.: Activation of the classical and pro-
perdin pathways of complement by Bacterial lopopolysaccharides 
(LPS). J Immunol 118:362, 1977. 
72. Newman, H.: Neutrophils and lg G at the host-plaque interface on 
children 1 s teeth. J. Periodontal 51 :642, 1980. 
73. Newman, M.G.: The role of Bacteroides melaninogenicus and other 
anaerobes in periodontal infections. Rev. of Inf. Dis., by 
the University of Chicago l :313, 1979. 
74. Newman, M.G. and Sims, T.N.: The predominant cultivable microbiota 
of the periodontal abscess. J Periodontal 50:350, 1979. 
75. Newman, M.G., and Socransky, S.S.: Predominant cultivable micro-
biota in periodontosis. J Periodont Res 12:120, 1977. 
76. Newman, M.G., Socransky, S.S., Savitt, E.D., Propas, D.A., and Craw-
ford, A.: Studies of the microbiology of periodontosis. 
J Periodontal 47:373, 1976. 
77. Nikaido, H.: Biosynthesis and assembly of lipopolysaccharides and 
the outer membrane layer of Gram-negative cell wall. Leive, L. 
(ed) Bacterial Membranes and Walls p. 31. New York: Marcel 
Decker Inc., 1973. 
78. Nisengard, R.J.: The role of immunology in periodontal disease. 
79. 
J. Periodontal 48:505, 1977. 
Nowotny, A., Behling, U. and Chang, H.: 
function in bacterial endotoxins. 
in a polysaccharide-rich fraction. 
Relation of structure to 
VIII. Biological activities 
J Immunol 115:199, 1975. 
80. Ikuda and Takazoe: Activation of complement by dental plaque. 
J Periodont Res 15:232, 1980. 
81. Page, R.C. and Schroeder, H.E.: Pathogenesis of inflammatory perio-
dontal disease-a summary of current work. Lab. Invest. 33: 
235, 1976. 
82. Page, R.C. and Schroeder, H.E.: Periodontitis in Man and Other 
Animals P. 282. Basel: Karger, 1982. 
59 
83. Pfeiffer, R.: Z. Hg. Infektionskrankh 11 :393, 1892. 
84. Raisz, L., Nuki, K., Alander, C., and Craig, R.: Interaction between 
bacterial endotoxin and other stimulators of bone resorption in 
organ culture. J Periodont Res 16:1, 1981. 
85. Ranney, R. and Montgomery, E.: Vascular leakage resulting from 
topical application to the gingiva of the beagle dog. Arch. 
Oral Biol. 18:963, 1973. 
86. Ribi, E., Anacker, R., Brown, R. Haskins, W., Malmgren, B., Milner, 
K., and Rudbach, J.: Reaction of endotoxin and surfactants. 
I. Physical and Biological properties of endotoxin treated 
with sodium deoxycholate. J Bacterial 92:1493, 1966. 
87. Rizzo, A.: Absorption of bacterial endotoxin into rabbit gingival 
pocket tissue. Periodontics 6:65, 1968. 
88. Rizzo, A. and Mergenhagen, S.E.: Histopathologic effects of endo-
toxin injected into rabbit oral mucosa. Arch. Oral Biol 
9:659, 1964. 
89. Ruddy, S., Gigli, I., and Austen, K.: The complement system of man. 
N. Engl J. Med. 287:489, 545, 592, 642, 1972. 
90. Saglie, R., Newman, M.G., Carranza, Jr., F.A. and Pattison, Rattison, 
G.L.: Bacterial invasion of gingiva in Advanced periodontitis 
in Human. J Periodontal 53:217, 1982. 
91. Sasaki, S., Socransky, S.S., Lescord, M. and Sweeney, E.A.: Destruc-
tive periodontal disease of children. II Microbiological and 
immunological findings. A.A.D.R. Abst. No. 422, 1977. 
92. Schenkein, H. and Genco, R.: Gingival fluid and serum in periodontal 
disease. II. Evidence for cleavage of complement components 
C3, C3 proactivator (factor B) and C4 in gingival fluid. J 
Periodontal 48:778, 1977. 
93. Schwartz, J., Stinson, F., and Parker, R.: The passage of tritiated 
bacterial endotoxin across intact gingival epithelium. 
J Periodontal 43:270, 1972. 
94. Selvig, K., Hofstad, T. and Kristoffersen, T.: Electron microscopic 
demonstration of bacterial lipopolysaccharides in dental plaque 
matrix. Scand. J Dent Res 79:409, 1971. 
95. Shands, J.W., Graham, J.A. and Nath, K.: The morphologic structure 
of isolated bacterial lipopolysaccharide. J. Mol. Biol 25:15, 
1967. 
96. Simon, B., Goldman, H., Ruben, H. and Baker, E.: The role of endo-
toxin in periodontal disease. II. Correlation of the amount 
60 
of endotoxin in human gingival exudate with the clinical degree 
of inflammation. J Periodontal 41 :81, 1970. 
97. Simon, B., Goldman, H., Ruben, M. and Baker, E.: The role of endo-
toxin in periodontal disease. III. Correlation of the amount 
of endotoxin in human gingival exudate with the histologic 
degree of inflammation. J Periodontal 42:210, 1971. 
98. Simon, B., Goldman, H., Ruben, M., Braitman, S., and Baker, E.: 
The role of endotoxin in periodontal disease. IV. Bacterio-
logic analyses of human gingival exudate as related to the 
quantity of endotoxin and clinical degree of inflammation. 
J Periodontal 43:468, 1973. 
99. Slots, J.: The predominant cultivable organisms in juvenile perio-
dontitis. Scand. J. Dent. Res. 84:1, 1976. 
100. Slots, J.: Subgingival microlfora and periodontal disease. 
J. Clin Periodontal 6:351, 1979. 
101. Snyderman, R.: Role for endotoxin and complement in periodontal 
tissue destruction. J. Dent Res 51 (Suppl.) 356, 1972. 
102. Snyderman, R., Gewrux, H., and Mergenhagen, S.: Interactions of 
the complement system with endotoxic lipopolysaccharide. 
Generation of a factor chemotactic for polymorphonuclear 
leukocytes. J Exp Med 128:259, 1968. 
103. Socransky, S.S.: Relationship of bacteria to the etiology of 
periodontal disease. J Dent Res 49:203, 1970. 
104. Socransky, S.S.: Microbiology of periodontal disease. - Present 
status and future considerations. J Periodontal 48:497, 1977. 
105. Socransky, S.S., Tanner, A.C.R., Hafajee, A.O., Hillman, J.D., and 
Goodson, J.M.: Present Status of studies on the microbial 
etiology of periodontal diseases. Genco, R.J. and Mergenhagen, 
S.E., (eds), Host-Parasite Interaction in Periodontal Diseases 
p. 1-12. Washington, D.C.: American Society for Microbiology, 
1982. 
106. Sultzer, B.M. and Goodman, G.W.: Endotoxin protein: AB-cell mitogen 
and polyclonal activator of C 3H/HeJ lymphocytes. J Exp. Med. 
144:821, 1976. 
61 
107. Sveen, K.: The capacity of lipopolisaccharides from Bacteroides, 
Fusobacterium and Veillonella to produce skin inflammation and 
the local and generalized Shwartzman reaction in rabbits. 
J Periodont Res 12:340, 1977. 
108. Syed, S., Loesche, W., Morrison, E., Laughon, B.~ and Ramfjord, S.: 
Subgingival plaque flora of untreated moderate-to-advanced 
periodontitis patients. I.A.D.R. Abst. No. 81, 1981. 
109. Taichman, N.S.: Mediation of inflammation by the polymorphonuclear 
leucocyte as a sequela of immune reactions. J Periodontal 
41 :228, 1970. 
110. Tanner, A.C.R., Haffer, C., Bratthall, G., Visconti, R., and 
Socransky, S.S.: A study of the bacteria associated with ad-
vancing periodontal disease in man. J Clin Periodontal 
6:278, 1979. 
111. Tarmina, D.F., Milner, K.C., Ribi, E. and Rudbach, J.: Modification 
of selected host-reactive properties of endotoxin by treatment 
with Sodium deoxycholate. J Bacterial 96:1611, 1968. 
112. Theilade, E., Wright, W.H., Jensen, S.B. and Loe, H.: Experimental 
gingivitis in man, II. A longitudinal clinical and bacterio-
logical investigation. J Periodont Res l :l, 1966. 
113. Tsai, C.C., Hammond, B., Baehni, P., McArthur, W., and Taichman, N.: 
Interaction of inflammatory cells and oral microorganisms. 
VI. Exocytosis of PMN lysosomes in response to Gram-negative 
plaque bacteria. J Periodont Res 13:504, 1978. 
114. Tynellius-Brathall, and Lindhe, J.: Neutrophil chemotactic activity 
of rabbit neutrophils. Arch Oral Biol 19:97, 1974. 
115. Van Dyke, T.E., Levine, N., and Genco, R.: Periodontal diseases and 
neutrophil abnormalities. Genco R.J. and Mergenhagen, S.E. 
(eds) Host-Parasite Interactions in Periodontal Diseases p.235. 
Washington, D.C.: American Society for Microbiology, 1982. 
116. van Palenstein Helderman, W.H.: Microbial etiology of periodontal 
disease. J Clin Periodontal 8:261, 1982. van Haute, J., and 
Green, D.B.: Relationship between the concentration of bac-
teria in saliva and the colonization of teeth in humans. Infect 
and Immun 9:624, 1974. 
117. Vogel, S.N., and Mergenhagen, S.E.: Cellular basis of endotoxin 
susceptibility. Genco, R.J. and Mergenhagen, S.E., (eds), 
Host-Parasite Interactions in Periodontal Diseases p. 160-168. 
Washington, D.C.: American Society for Microbiology, 1982. 
118. Waerhaug, J.: Epidemiology of Periodontal disease. Eastoe, J.E., 
Pincton, D.C.A., and Alexander, A.G. (eds), Prevention of 
Periodontal disease p. 1. London, Klimpton, 1971. 
119. Wahl, L., Wahl, S., Mergenhagen, S. and Martin, G.: Collagenase 
production by endotoxin-activated macrophages. Proc. Nat. 
Acad. Science 71 :3598, 1974. 
120. Ward, P.A.: Leukotaxis and leukotactic disorders. Am J Pathol 
77:520, 1974. 
62 
121. Westphal, 0.: Polysaccharides in Biology. Springer, G. (ed) p. 117. 
New York: Josiah Macy jun. Foundation, 1957. 
122. Westphal, 0.: Bacterial endotoxins. Int. Arch All. App. Immunol 
49:1, 1975. 
123. Westphal, 0. and Jann, K.: Methods in Carbohydrate Chemistry. 
Whistler, R., BeMiller, J. and Wolfrom, N. (eds) p. 83. 
New York: Academic Press, 1965. 
124. Wheat, R.W.: Bacterial Endotoxins p. 76. Landy, M. and Braun (eds), 
Rutgers Univ. Press, New Brunswick, New Jersey, 1964. 
125. Wilton, J.M., and Almeida, O.P.: The comparative inflammatory 
effect of dental plaque, lipopolisaccharide, lipoteichoic acid, 
dextran and levan on leukocytes in the mouse peritoneal cavity. 
p. 83-97. Lehner, T. and Cimason, G. (eds) The Borderland 
Between Caries and Periodontal Disease. II. London, Academic 
Press, l 980. 
126. Wilton, J.M.A.: Polymorphonuclear leukocytes of the human gingival 
crevice: Clinical and experimental studies of cellular function 
in humans and animals. Genco, R.J., and Mergenhagen, S.E. (eds) 
Host-Parasite Interactions in Periodontal Diseases p. 246. 
Washington, D.C.: American Society for Micro'6iology, 1982. 
127. Yin, E., Galanos, C., Kinsky, S. Bradshaw, R., Wessler, S., Luderitz, 
0. and Sarmiento, M.: Picogram-sensitive assay for endotoxin: 
Gelation of limulus polyphemus blood cell lysate induced by 
purified lipopolysaccharides and Lipid A from Gram-negative 
bacteria. Bioch Biophys Acta 261:284, 1972. 
128. Zigmond, S.H.: Chemotaxis by polymorphonuclear leucocytes. J Cell 
Biol 77:269, 1978. 
Animal #1 
Fjeld * 
#l 
#2 
#3 
#4 
#5 
Animal #2 
Field 
#l 
#2 
#3 
#4 
#5 
APPENDIX 
COUNTS OF PMNLs 
STERILE SALINE CONTROL GROUP 
(Maxi 11 a) 
PMNLs 
12 
14 
18 
10 
+ 18 
72+5=14 .4 
(Maxi 11 a) 
PMNLs 
28 
31 
23 
18 
+ 21 
121+5=24.2 
15.5 
8.8 
24.2 
+ 6.6 
Animal 
Field 
#l 
#2 
#3 
#4 
#5 
Animal 
Field 
#1 
#2 
#3 
#4 
#5 
#1 (Mandible) 
PMNLs 
9 
14 
6 
9 
+ 6 
44+5=8.8 
#2 (Mandible) 
PMNLs 
8 
4 
6 
6 
+ 9 
33+5=6.6 
54.0+4=13.5 (mean of the sterile saline group) 
* Fields per l00 2 µm 2 
63 
64 
SONICATED LPSE (MAXILLA SITE) 
GROUP I GROUP I 
Animal #1 Animal #2 
Field PMNLs Field PMNLs 
#1 72 #1 22 
#2 27 #2 24 
#3 26 #3 19 
#4 24 #4 36 
#5 + 51 #5 + 32 
200-;-5=40 133-;-5=26.6 
40 
+ 26.6 
66.6-2=33.3 (mean of Group I) 
GROUP I I GROUP II 
Animal #1 Animal #2 
Field PMNLs Field. PMNLs 
#1 43 #1 29 
#2 54 #2 31 
#3 26 #3 28 
#4 22 #4 26 
#5 + 48 #5 + 34 
193-;-5=38. 6 148-;-5=29.6 
38.6 
+ 29.6 
68. 2-;-2=34. 1 (mean of Group II) 
GROUP III 
Animal #1 
Field 
#1 
#2 
#3 
#4 
#5 
GROUP IV 
Animal #1 
Field 
#l 
#2 
#3 
#4 
#5 
PMNLs 
60 
43 
28 
32 
+ 36 
199+5=39.8 
39.8 
+ 25.2 
GROUP II I 
Animal #2 
Field 
# l 
#2 
#3 
#4 
#5 
65.0+2=32.5 (mean of Group III) 
GROUP IV 
Animal #2 
PMNLs Field 
28 # l 
20 #2 
40 #3 
39 #4 
+ 42 #5 
169+5=33.8 
34.8 
+ 33.8 
68.6+2=34.4 (mean of Group IV) 
PMNLs 
16 
28 
32 
26 
+ 24 
126+5=25.2 
PMNLs 
31 
37 
26 
42 
+ 38 
- 174+5=34.8 
65 
GROUP V 
Animal #1 
Field 
#1 
#2 
#3 
#4 
#5 
GROUP VI 
Anima 1 #1 
Field. 
#1 
#2 
#3 
#4 
#5 
PMNLs 
28 
33 
18 
22 
+ 26 
127-:-5=25.4 
34.8 
+ 25.4 
GROUP V 
Animal #2 
Field 
#1 
#2 
#3 
#4 
#5 
60.2+2=30.l (mean of Group V) 
GROUP VI 
Animal #2 
PMNLs Field 
45 #1 
20 #2 
28 #3 
32 #4 
+ 24 #5 
149+5=29.8 
29.8 
+ 38.0 
67.8+2=33.9 (mean of Group VI) 
66 
PMNLs 
44 
36 
28 
32 
+ 34 
174-:-5=34 .8 
PMNLs 
45 
41 
46 
26 
+ 32 
190-:-5=38 
GROUP I 
Animal #1 
Field 
#1 
#2 
#3 
#4 
#5 
GROUP II 
Animal #1 
Field 
#1 
#2 
#3 
#4 
#5 
UNSONICATED LPSE {MANDIBLE SITE) 
GROUP I 
PMNLs 
84 
80 
49 
62 
+ 51 
326-;-5=65 .2 
73.4 
+ 65.2 
Animal 
Field 
#1 
#2 
#3 
#4 
#5 
138.6-;-2=69.3 (mean of Group I) 
#2 
GROUP II 
PMNLs 
72 
94 
89 
76 
+ 81 
412-;-5=82 .4 
82.4 
+ 54.4 
Animal 
Field 
#1 
#2 
#3 
#4 
#5 
136.8-;-2=68.4 (mean of group II) 
#2 
67 
PMNLs 
107 
65 
71 
61 
+ 63 
367-;-5=73.4 
PMNLs 
55 
47 
56 
61 
+ 53 
272-;-5=54.4 
GROUP III 
Animal #1 
Field 
#1 
#2 
#3 
#4 
#5 
GROUP IV 
Animal #1 
Field. 
#1 
#2 
#3 
#4 
#5 
PMNLs 
54 
52 
64 
72 
+ 39 
28175=56. 2 
56.2 
+ 65.2 
GROUP II I 
Animal #2 
Field 
#1 
#2 
#3 
#4 
#5 
12.472=60.7 (mean of group III) 
PMNLs 
61 
69 
52 
49 
+ 58 
289+5=57.8 
57.8 
+ 46.2 
104.072=52 (mean of group IV) 
GROUP IV 
Animal #2 
Field 
#1 
#2 
#3 
#4 
#5 
68 
PMNLs 
45 
69 
72 
62 
+ 78 
32675=65. 2 
PMNLs 
40 
45 
36 
52 
+ 58 
231+5=46.2 
GROUP V 
Animal #1 
Field 
#1 
#2 
#3 
#4 
#5 
GROUP VI 
Animal #1 
Field 
#1 
#2 
#3 
#4 
#5 
PMNLs 
51 
89 
28 
50 
+ 34 
25275=50.4 
50.4 
+ 44.8 
GROUP V 
Animal #2 
Field 
#1 
#2 
#3 
#4 
#5 
95.272=47.6 (mean of group V) 
PMNLs 
48 
36 
42 
41 
+ 38 
20575=41 
41 
+ 47 
8872=44 (mean of group VI) 
GROUP VI 
Animal #2 
Field 
#1 
#2 
#3 
#4 
#5 
69 
PMNLs 
56 
48 
34 
48 
+ 37 
22475=44.8 
PMNLs 
37 
53 
64 
37 
+ 44 
23575=47 
t TEST CALCULATIONS 
t test (one tail) to compare the mean of the unsonicated LPSE 
group (see Table IV) with the mean of the control group. 
C1 = 
C1 = 
C1 = 
Unsonicated LPSE group 
Xi= 57 
S-i= 12.51 
Ni= 12 
Ho: Xi= Xe 
Hi: Xi >Xe 
Control group 
Xe= 13.5 
Sc= 6.80 
N = 4 c 
Formulas for the t test and ~ (standard deviation) 
2 2 NiSi + N2S2 
Ni + N2 - 2 
12(12.51} 2 + 4(6.80) 2 
12 + 4 - 2 
1878.0012 + 184.96 
14 
t 
Xi - X2 
= 
cr~ l/Ni + l/N2 
t = 57 - 13.5 
~i/12 + 1/4 
t = 43.5 
70 
( 12. 138957) (0.57735027) 
C1 = 12.138957 
t > 2 .98 (l %) 
p < 0.01 
Hi : ~ > 7c 
t = 
t = 
df = 
43.5 
7.0084301 
6.2068 
14 
71 
t test (one tail) to compare the mean of the sonicated LPSE group 
(see Table IV) with the mean of the control group. 
Sonicated LPSE group Control group 
X1 = 33.03 X2 = 13.5 
s1 = 5.56 S2 = 6.80 
Ho X1 = X2 
Hl X1 > X"2 
t = 5.36 
df = 22 
t > 2.82 (l %) 
p < 0.01 
Hi : X1 > X2 
t test (one tail) to compare the mean of the unsonicated group 
with the mean of the sonicated group. 
Unsonicated LPSE group 
X1 = 57 
S1 = 12 .51 
N2 = 12 
Ho X1 =X-2 
Hi X'1 > X-2 
t = 5.80 
df = 22 
t > 2.82 ( l % )
p < 0.01 
Hl . x1 > X2 . 
Sonicated LPSE group 
X2 = 33.03 
S2 = 5.56 
N2 = 12 
72 
73 
t test (one tail) to compare the mean of the sonicates LPSE group 
I with the mean of the sterile saline control group. 
Sonicated LPSE group I Control group 
Xi= 33.3 x -c - 13.5 
Si = 6.7 Sc = 6.8 
Ni = 2 Ne = 4 
Ho Xi = ~ 
Hi Xi > Xe 
t = 2.75 
df = 4 
t > 2.13 
(5%) 
p < 0.05 
Hl . Xi> Xe . 
t test (one tail) to compare the mean of the sonicated LPSE 
group II with the mean of the sterile saline control group. 
Sonicated LPSE group 
X-2 = 34 .1 
S2 = 4.5 
N2 = 2 
Ho X2 = 
H1 X2 > 
t = 3.16 
df = 4 
xc 
xc 
t > 2.13 (5%) 
p < 0 .05 
Hi : X2> Xe 
II Control group 
Xe = 13.5 
Sc = 6.8 
N = c 4 
74 
t test (one tail) to compare the mean of the sonicated LPSE 
group III with the mean of the sterile saline control group. 
Sonicated LPSE group 
X3 = 32.5 
S3 = 7.3 
N3 = 2 
Ho X3 = 
H1 X3 
t = 2 .56 
df = 4 
Xe 
> Xe 
t > 2.13 
p < 0 .05 
(5%) 
H1 : X3 >Xe 
III Control group 
x -c - 13 .5 
Sc = 6.8 
Ne = 4 
75 
t test (one tail) to compare the mean of the sonicated LPSE 
group IV with the mean of the sterile saline control group. 
Sonicated LPSE group 
X4 = 34.3 
S4 = 0.5 
N4 = 2 
Ho X4 = ~ 
Hi X4 >Xe 
t = 3 .52 
df = 4 
t > 2. 13 
(5%) 
p < 0.05 
Hi . X4 >Xe . 
IV Control group 
Xe = 13 .5 
Sc = 6.8 
Ne = 4 
76 
t test (one tail) to compare the mean of the sonicated LPSE 
group V with the mean of the sterile saline control group. 
Sonicated LPSE group V 
X5 = 30. l 
S5 = 4.7 
N5 = 2 
Ha X5 = 
Hi X5 > 
t = 2.53 
df = 4 
t > 2.13 
p < 0.05 
Xe 
Xe 
(5%) 
Control group 
x = c 13.5 
Sc + 6.8 
Ne = 4 
77 
t test (one tail) to compare the mean of the sonicated LPSE 
group VI (the smallest concentration) with the mean of the sterile 
saline control group. 
Sonicated LPSE group VI Control group 
~= 33.9 x = c 13.5 
% = 4. l s = c 6.80 
% = 2 N = c 4 
Ho X5 = Xe 
Hl X5 > X5 
t = 3.187 
df = 4 
t = > 2 .13 (5%) 
p < 0.05 
H1 = X5 > ~ 
78 
t test (one tail) to compare the mean of the unsonicated LPSE 
group I with the mean of the setrile saline control group. 
Unsonicated LPSE group I Control group 
X1 = 69.3 Xe = 13.5 
S1 = 4. 1 Sc = 6.8 
N1 = 2 Ne = 4 
Ho X1 = Xe 
H1 Xi > Xe 
t = 8. 71 
df = 4 
t > 3.75 ( 1 % )
p < 0.01 
Hi . Xi> Xe . 
79 
t test (one tail) to compare the mean of the unsonicated LPSE 
group II with the mean of the sterile saline control group. 
Unsonicated LPSE group II Control grou~ 
X2= 68.4 Xe = 13.5 
S2 = 14 Sc = 6.8 
N2 = 2 Ne = 4 
Ho X2 = Xe 
H1 X2 > Tc 
t = 5.27 
df = 4 
t > 3.75 ( l %) 
p < 0 .01 
H1 . X2 > Xc . 
80 
t test (one tail) to compare the mean of the unsonicated LPSE 
group III with the mean of the sterile control group. 
Unsonicated LPSE group III Control group 
X3 = 60.7 x = c 13.5 
S3 = 4.5 s -c - 6.8 
N3 = 2 Ne = 4 
Ho -xJ = Xc 
H1 X3 > Tc 
t = 7.25 
df = 4 
t > 3.75 ( l % )
p < 0.01 
H1 . X3 >Xe . 
81 
t test (one tail) to compare the mean of the unsonicated LPSE 
group IV with the mean of the sterile saline control group. 
Unsonicated LPSE group IV 
X4 = 52 
S4 = 5.8 
N4 = 2 
Ho X4 = 
H1 X4 > 
t = 5.598 
df = 4 
Xe 
~ 
t > 3.75 (1%) 
p < 0 .01 
Hi : X4 >Xe 
Control group 
Xe = 13.5 
s = c 6.8 
Ne = 4 
82 
t test (one tail) to compare the mean of the unsonicated LPSE 
group V with the mean of the sterile saline control group. 
Unsonicated LPSE group v Control group 
X5 = 47.6 Xe = 13 .5 
S5 = 2.8 Sc = 6.8 
N5 = 2 Ne = 4 
Ho X5 = Xe 
H1 X5 > Xe 
t = 5.55 
df = 4 
t > 3.75 ( l % )
p < 0.01 
H1 . X5 > Xe . 
83 
t test (one tail) to compare the mean of the unsonicated LPSE 
group VI (the smallest concentration) with the mean of the sterile 
saline control group. 
Unsonicated LPSE group VI Control group 
x6 = 44 x -c - 13.5 
56 = 3 s = c 6.8 
N5 = 2 N = c 4 
Ho .. x6 = xc . . 
Hl x6 > Xe 
t = 4.944 
df = 4 
t > 3. 75 ( l %) 
p < 0.01 
Hi = X5 >Xe 
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